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(54) Liquid ejecting head, head cartridge and liquid ejecting apparatus 

(57) A liquid ejection head a plurality of ejection out- 
lets for ejecting liquid; a first substrate and a second 
substrate for constituting a plurality of liquid flow paths 
in fluid communication with the ejection outlets, respec- 
tively when combined with each other; a plurality of 
energy conversio n elements disposed in the liquid flow 
paths, respectively to convert electrical energy to ejec- 
tion energy for the liquid in the liquid flow paths; a plural- 
ity of elements or electric circuits having different 
functions for controlling driving conditions of the energy 
conversion elements; wherein the elements and electric 
circuits are provided either on the first substrate and the 
second substrate, depending on their functions. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] The present invention relates to a liquid eject- s 
ing head for ejecting a desired liquid using generation of 
a bubble created by application of thermal energy to the 
liquid, a head cartridge and a liquid ejecting apparatus 
which use the liquid ejecting head. 
[0002] The present invention is applicable to various 
apparatus such as a printer, a copying machine, a fac- 
simile machine having a communication system, a word 
processor having a printer portion, or a printing appara- 
tus, for industrial use. combined with various processing 
devices, which effect recording on recording materials 
such as paper, thread, fiber, textile, leather, metal, plas- 
tic resin material, glass, wood, ceramic material or the 
like. 

[0003] Here, "recording" means recording of image 
having any sense such as letters, figures or the iiice, and 
recording of patterns not having particular sense. 
[0004] An ink jet recording method, or s o-called bub- 
ble jet recording method is known wherein stote change 
resulting in abru pt volume change is caused in the ink 
(generation of a butsble) by application of energy such 
as heat to the InK and tvy the force provided by the state 
change, the Ink is ejected from an ejection outlet, and is 
deposited on the recording material. A recording device 
using the bubble jet recording method generally com- 
prises an ejection outlet for ejecting inK an Ink flow path 
In fluid communication with the ejection outlet, arxJ an 
electrothermal transducer, as energy generating 
means, for ejecting the ink in the ink flow path, as dis- 
closed in U. S. Patent No. 4, 723. 129, for example. 
[0005] Such a recording method is capat)le of printing 
high quality image at high speed and with low noise; the 
printing or recording head using the recording method, 
the ejection outlets for ejecting the ink can be arranged 
at high density, and therefore, high resolution image and 
particularly color Image can be easily printed with smalt 
size machine For this reason, the bubble jet recording 
method Is recently used widely for printers, copying 
machines, facsimile machine machines or other office 
equipment, and even for Industrial systems such as tex- 
tile printing apparatus or the like. 
[0006] The electrothermal transducer for generating 
energy for ejecting the Ink can be manufectured through 
a semiconductor manufacturing process. Therefore, a 
conventional head using the bubble jet technique, com- 
prises an element substrate (silicon substrate), electro- 
thermal transducer formed thereon, and a groove for 
forming an ink flow path is formed thereon, and a top 
plate of resin material such as polysuKbne or the like or 
glass or the like is combined thereon. 
[0007] Utilizing the fact that element sut>strate is a sil- 
icon substrate, in addition to the electrothermal trans- 
ducers, a driver for driving the electrothermal 
transducers, and a temperature sensor used to control 



the electrothermal transducers in accordance with the 
temperature of the head and a drive control portion or 
the like may be fomied on the element sul)strate. Figure 
20, shows an example of such a structure of the ele- 
ment substrate, In Figure 20, the element substrate 
1001 is provided with heater anray 1002 having a plural- 
ity of parallel electrothermal transducers for applying 
thermal energy for ink ejection, a driver circuit 1003 for 
driving the electrothermal transducers, image data 
transfer circuit 1004 for parallel transfer of the Image 
data Inputted serially from outside to a driver circuit 
1003, and an Input contact 1007 for inputting the image 
data and various signals or the like from outside. The 
element substrate 1001 Is provided with a temperature 
sensor for sensing a temperature of the element sub- 
strate 1001, a resistarx;e sensor for sensing a resist- 
ance value of the electrothermal transducers, or 
another sensor 1006, and a drive control portion 1005 
for driving the sensor 1 006 and for controlling a width of 
the driving pulse for the eSsetrothemria! transducsfs in 
accordance with an output from the sensor 1006. A 
head having the driver, the temperature sensor and the 
drive control portion on the element substrate has been 
put in practical use, with high reliability of the recording 
head and small size. 

[POOS] However, recently, a higher image quality is 
demanded. 

[0009] As a result of inventors investigations, the fol- 
lowing points to be inrproved have been found, if the 
density of the ejection outlets and therefore the electro- 
thermal transducers is increased in an attempt to 
improve the image quality, and the electrothermal trans- 
ducers are further precisely controlled. 
[0010] If the circuits for controlling the electrothermal 
transducers are all formed on the element substrate, the 
size of the element substrate is bulky with the result of 
bulky head. 

[0011] When the ejection outlets are arranged at a 
high density such as 600dpi or 1200dpi or higher, pre- 
cise alignment is required between the electrothermal 
transducers and ink flow paths, and the difference in the 
thermal-expansion between the element sut>strate and 
the top plate resulting from the heat during the driving of 
the electrothermal transducers, Is not negligible. 
[0012] In the case of a head capable of ejecting fine 
droplets (as a result of a high density anrangement of 
the ejection outlets, for exanple). If the heater is actu- 
ated when the Ink is out, there is a liability that influence 
of the physical damage such as the surface damage of 
the heater to the ejection property is more significant 
than a conventional head ejecting larger droplets. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, it is a principal object of the 
present invention to provide a liquid ejecting head, head 
cartridge and a recording device using the same which 
Is small despite addition of various functions for control- 
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ling ejection of the liquid. 



said ejection outlets, respectively when combined with 
^cn otner; a plurality of energy conversion elements 
disposed in said liquid flow paths, respectively to con- 
vert electrical energy to ejection energy for the liquid in 
«jd liquid flGv; paths; a plurality cf alen^ents or sJsetric 
circuits having different functions for controlling driving 
conditions of said energy conversion elements; wherein 
said elements and electric circuits are provided either 
on said first sut>strate and said second sutsstrate. 
depending on tiieir functions. 
[0017] The elements or the electric circuits are not 
concentrated on one of tiie substrates, so that liquid 
ejecting head is downsized. 

[0018] The electrical connection with the outside are 
not effected by each of the function element and the 
electric circuit, but an outer contact for electrical con- 
nection of the element or the electric circuit with the out- 
side is provided on either one of the first suk>strate and 
the second substrate, and the outer contact electrically 
connects the elements or electric circuits witii outside 
on either one of the first substrate or second substrate, 
and a connection electrode for electrical connection of 
the elements or electric circuits on such surfaces of the 
first substrate and second substrate as are opposed to 
each other, so that they are electrically connected by 
cont>ining the first substrate and the second substrate 
Since the connection with the outside is concentrated 
on one of the sut>strates, further downsizing can be 
accomplished. 

[0019] The selection may be such that such an ele- 
ment or electric circuit of all of the elements or electric 
circuits as are electrically connected to said energy con- 
version elements on individual or group basis, is pro- 
vided on such one of the substrates as is provided with 
the energy conversion elements, and the other element 
or electric circuit is provided on the other sut>strate. By 
this, the number of electrical connections between the 
first substrate and tiie second substrate decreases so 
that liability of defective connection can be reduced. 
Such an element or electric circuit of all of the elemerrts 
or electric circuits as are electrically connected to the 
energy conversion elements on individual or group 
basis, may include drivers for driving said energy con- 



version elements. With tiie use of the feature that exter- 
nal connection contacts are provided only on one 
substrate, further downsizing is accomplished. 
[0020] By making the first substrate and the second 
substrate from silicon material, the element or the elec- 
tric circuit can be manufactured tiirough a semiconduc- 
tor wafer processing technique. Because the first 
substrate and the secorxj substrate are made of the 
same materials, the deviation tiierebetween due to ther- 
mal-expansion cfifference can be avoided. Therefore, 
the second object can be accomplished. 
[0021 ] At least th e second substrate mav be provide d 
w ith a temperature sensor, a limitation circuit for limiting 
ot stopping driving of the heat generating resistor in 
accordance with an output of the temperature sensor, 
so that difference of the temperature propagation 
depending on the presence otjf ^^eno^ of the ink in the 
head, and the driving of the heal^en^ting resistor can 
be limited or stopped on the basis of result thereof. 
Thus, the third object" cari be accompiisned. Bymanu- 
facturing tiie temperature sensor and tiie limitation cir- 
cuit using the semiconductor wafer processing 
technique, highly accurate detection of presence or 
at)sence of the ink is possible without cost increase. 
[0022] The energy conversion elements generate 
bubbles in the liquid by application of tiiemnal energy, 
and each of said liquid flow patiis may be provided with 
a movable member disposed faced to tiie energy con- 
version element and having a free end at a downstream 
side with respect to liquid flow toward then ejection out- 
let By doing so. the propagating direction of the pres- 
sure resulting from tiie generation of the bubble arxl the 
expanding direction of the bubble per se can be directed 
toward the downstream side by tiie movable mender, 
so tiiat ejection property such as the ejection efficiency, 
the ejection power or the ejection speed is improved. 
[0023] In this specification, and is with respect to 
tiie direction of flow of the liquid toward tiie ejection out- 
let through a bubble generating region (or nrx3vat)le 
member) from the supply source of the liquid. 
[0024] These and otiier objects, features and advan- 
tages of the present invention will become more appar- 
ent upon a consideration of the following description of 
the prefen^ed embodiments of the present invention 
taken in conjunction with the acconpanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[P025] 

Rgure 1 is a sectional view of a liquid ejecting head 
according to an embodiment of the present inven- 
tion, taken along a liquid flow path. 
Rgure 2 illustrates a circuit of the liquid ejecting 
head of Figure 1. wherein (a) is a top plan view of 
the element sut>strate and (b) is a top plan view of 
the top plate. 

Rgure 3 is a top plan view of a liquid ejecting head 
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[0014] It is another object of the present invention to 
provide a liquid ejecting head wherein positional devia- 
tion due to the difference in the thermal-expansion 
between the element substrate arxJ the top plate can be 
prevented. 

[001 5] It is a further object of the present invention to 
provide a liquid ejecting head wherein an ink detecting 
mechanism is provided to prevent the damage of the 
heater. 

[0016] According to an aspect of the present inven- 
tion, there is provided a liquid ejection head comprising 
a plurality of ejection outiets for ejecting liquid; a first 
substrate and a second substrate for constituting'a plu- 
ralitv of liquid fk>w paths in fluid communication with 
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unit loaded with the Figure 3 of Figure 1 . 
Figure 4 shows circuits of an element substrate and 
a top plate in an exannple wherein applied energy to 
the heat generating element Is controlled in accord- 
ance with a sensor output 
Figure 5 shows circuits of an element substrate and 
a top plate in an example wherein a temperature of 
the element substrate Is controlled in accordance 
with a sensor output. 

Figure 6 Is a perspective view and a sectional view 
of a liquid ejecting head according to another 
embodiment of the present invention. 
Figure 7 Is a perspective view and a sectional view 
of a liquid ejecting head according to a further 
embodiment of the present invention. 
Figure 8 Is a perspective view and a sectional view 
of a liquid ejecting head according to a further 
embodiment of the present invention. 
Figure 9 is a perspective view and a sectional view 
of a lio^d ejecting head accGrding to a further 
embodiment of the preserrt invention. 
Figure 1 0 Is a perspective view and a sectional view 
of a further exanrple of a liquid ejecting head 
according to the present inverrtion. 
Figure 1 1 shows an element substrate and a top 
plate In an embodiment wherein presence or 
absence of the ink is detected on the basis of an 
output of a temperature sensor. 
Figure 12 shows a modified embodiment of the ele- 
ment substrate and the top plate of Figure 11 
wherein circuit structures are modified. 
Figure 13 shows a modified enri>odiment of the ele- 
ment substrate and the top plate of Rgure 11 
wherein circuit structures are modified. 
Figure 14 shows a modified embodiment of the ele- 
ment substrate arxi the top plate of Rgure 11 
wherein circuit structures are modified. 
Figure 1 5 shows a modified embodiment of the ele- 
ment substrate and the top plate of Rgure 11 
wherein circuit structures are modified. 
Figure 16 is an exploded perspective view of a liq- 
uid election head cartridge usable with the present 
invention. 

Figure 17 is a schematic illustration of a liquid eject- 
ing apparatus to which the present invention is 
applicable. 

Figure 18 is an apparatus block diagram of a liquid 
ejecting apparatus to which the present Invention is 
applicable. 

Figure 19 shows a liquid ejection system to which 
the present invention is applicable. 
Figure 20 shows a circuit of an element sut>strate of 
a conventional head. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0026] Figure 1 1s a sectional view, taken along a line 



parallel with a liquid flow path, of a liquid ejecting head 
according to an embodiment of the present invention. 
[0027] As shown In Figure 1 , the liquid ejecting head 
comprises an element substrate 1 on which a plurality of 

5 heat generating elements 2 (only one of them is shown 
in Rgure 1) for applying thermal energy for generating 
bubbles to liquid are disposed in parallel, a top plate 3 
connected to the element substrate 1 , an orifice plate 4 
connected to the leading edge surface of the top plate 3, 

10 and a movable member 6 placed in a liquid flow path 7 
constituted by the element sut>strate 1 and the top plate 
3. 

IP02B] The element substrate 1 comprises a substrate 
of silicon or the like, a silicon oxide film or silicon nitride 

15 film thereon for electric insulation and heat accumula- 
tion, and an electric resistance layer (heat generating 
element 2) and wiring patterned thereon. The electric 
resistance layer is supplied with a voltage through tiie 
wiring to supply the current to the electric resistance 

20 layer, SGthat heat generating eiement 2 generates heat. 
[0029] The top plate 3 cooperates to constitute liquid 
flow paths 7 conesponding to the heat generating ele- 
ments 2, respectively, and a common liquid chamber 8 
for supplying the liquid to the liquid flow patiis 7, and It 

25 includes integral side walls extending from the top 
between the heat generating elements 2. The top plate 
3 is a silicon material, and is manutectured by etching 
the liquid passage pattern and the common liquid 
chamber pattern, or by overlying on the silicon substrate 

30 silicon nitride material, silicon oodde or the like through 
known CVD method or the like to constitute the side 
walls, and then etching the liquid passage portions. 
[0030] The orifice plate 4 Is provided with ejection out- 
lets 5 which are formed corresponding respective liquid 

35 passages and which are In fluid conrvnunication with the 
common liquid chamber 8 through the liquid passages. 
The orifice plate 4 Is of silicon material too, arKl is man- 
utectured by machining a silicon substrate having ejec- 
tion outlets 5 into a thickness of approx. 10-150)im. In 

40 the present invention, the orifice plate 4 Is not an inevi- 
table elemerrt and in place of the provision thereof, a 
wall of a thickness corresponding to the orifice plate 4 
may be caused to remain at the end surface of tiie top 
plate 3 when the liquid flow path is formed in the top 

45 plate 3, and the ejection outiets 5 may be formed In tiie 
remaining portion. 

[0031] The movable member 6 separates tiie liquid 
flow path 7 to a first liquid flow path 7a In fluid communi- 
cation with the ejection outiet 5 arxJ a second release 

50 path 7 b having a heat generating element 2, arxJ is dis- 
posed opposed to the heat generating element 2. It is in 
the form of a thin film cantilever of silicon material such 
as silicon nitride, silicon oxide or the like. 
[0032] The nrxivable member 6 has a fulcrum 6a at an 

55 upstream with respect to a major liquid flow from the 
common liquid chamber 8 to tiie ejection outiet 5 via 
nx)vable member 6 upon the liquid ejecting operation 
and has a free end 6b downstream of the fulcrum 6a. 
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and it is extended as if it covers the heat generating ele- 
ment 2 with a predetemnined distance from the heat 
generating element 2. The space between the heat gen- 
erating element 2 and the nxivable member 6 is a bub- 
ble generating region 10. 5 
[00^] With this structure, when the heat generating 
element 2 Is actuated, the heat is applied to the liquid on 
the heat generating element 2. by which a txibble is 
generated by film boiling phenomenon on the heat gen- 
erating element 2. The pressure resulting from expan- 
sion of the bubt)le is applied mainly to the movable 
memt)er 6, and therefore, the movable member 6 is 
widely opened toward the ejection outlet 5 as indicated 
by broken line in Rgure 1 , generally atx>ut the fulaum 
6a. By the displacement of the movat)le member 6 
and/or the state thereof, the pressure resulting from the 
generation of the bubble is propagated, and the expan- 
sion of the bubble per se is directed toward the ejection 
outlet 5, arxj the liquid is ejected from the ejection outlet 
5. 

[0034] Thus, by the provision, above the kxibble gen- 
erating region 10. of the nxivable member 6 having a 
fulcrum 6a upstream with respect to the flow of the liquid 
in the liquid flow path 7 (comnrK>n liquid chamber 8 side) 
and the free end 6b at the downstream side (ejection 
outlet 5 side), the pressure propagation of the but)ble is 
directed toward the downstream side, so that pressure 
of the bubble is directly and therefore effectively used for 
the liquid ejection. And. the direction of the buk3t)le 
expansion per se is similarly directed to the downstream 
side, and therefore, the buksble exparxis more in the 
downstream side than in the upstream side. Thus, the 
expansion direction per se of the bubble is controlled by 
the movable member to control the pressure propagat- 
ing direction of the bubble, so that fundamental ejection 
properties such as the ejection efficiency, ejection 
power the ejection speed and/or the like. 
[0035] On the other hand. In the bubble collapse proc- 
ess, the t)ut}ble collapses rapidly synergetically with the 
elastic force of the movable member 6. and the rTX}vable 
member 6 finally restores to the initial position indicated 
by the solid line In Rgure 1 . At this time, the liquid f tows 
into the liquid flow path 7 from the upstream, more par- 
ticularly, from the comrTX}n liquid chamber 8 to compen- 
sate for the contraction volume of the butsble in the 
bubble generating region 10 or to compensate for the 
amount of the ejected liquid (refilling of the liquid). The 
refilling Is efficient because of the restoring function of 
the movable member 6. 

[0036] The liquid ejecting head of this embodiment 
comprises circuits arxl elements for driving the heat 
generating element 2 or controlling the driving. The cir- 
cuits and the element are not concentrated on one of 
the element substrate 1 arxl the top plate 3. but are 
allotted to them on the k>asis of the functions. Since the 
element substrate 1 arKi the top plate 3 are of silicon 
material, the circuits and the elements can be easily 
and finely formed through semiconductor wafer 



processing technique. 

[0037] The structure of the circuits on the element 
sut)strate 1 and the top plate 3 will be described. 
[0038] Rgure 2 illustrates a circuit structure of the liq- 
uid ejecting head shown in Rgure 1 , wherein (a) is a top 
plan view of the element sut>strate. (b) is a top plan view 
of the top plate. In Rgure 2. (a) and (b) show the oppos- 
ing sides. 

[0039] As shown in Rgui^e 2. (a), the element sub- 
^rate 1 is provided with a plurality of heat generating 
elements 2 arranged In parallel with each other, drivers 
1 1 for driving the heat generating elements 2 in accord- 
ance with the image data, an Image data transfer por- 
tion 12 for supplying the inputted image data to the 
driver 11 and a sensor 13 for measuring a parameter 
necessary for controlling the driving condition for the 
heat generating element 2. 

[0040] The image data transfer portion 12 comprises 
a shift register for outputting the image data supplied in 
seri^.1o1he drivers 11 , in paraiiei. and a latching circuit 
for storing temporarily the data outputted from the shift 
register. The Image data transfer portion 1 2 may output 
the image data to the respective heat generating ele- 
ments 2 or may output the Image data for respective 
bkx^ks of heat generating elements 2 into which the heat 
generating element 2 are grouped. By providing a plu- 
rality of shift registers for one head and t>y transmitting 
the data from the recording device through a plurality of 
shift registers, the printing speed can be Increased eas- 
ily 

[0041] The sensor 13 may be a temperature sensor 
for sensing the temperature adjacent to the heat gener- 
ating element 2. or a resistance sensor or the like for 
monitoring the resistance value of the heat generating 
element 2. 

[0042] The ejection amount of the ejected droplet Is 
mainly dependent on the generated butsble volume of 
the liquid. The generated but)ble volume of the liquid Is 
dependent on the temperature of the heat generating 
element 2 and the portion therearound. Therefore, the 
temperature of the heat generating element 2 and the 
tenperature therearound are measure, and a pulse of 
such a small energy as is Insufficient for liquid ejec- 
tion(preheating pulse) is applied before application of a 
beating pulse for liquid ejection, and the pulse width or 
the output timing of the preheating pulse is chartged In 
accordance with the output of the sensor, so that tem- 
perature of the heat generating element 2 arxJ the tem- 
perature therearound is adjusted to assure that 
constant droplets are ejected, thus maintaining the 
irmge quality 

[0043] The energy necessary for the txjbble genera- 
tion Is represerrted by a required energy per unit area of 
the heat generating element 2 nujltiplied by an area of 
the heat generating element 2, if the heat radiation con- 
dition Is constant The voltage between the opposite 
ends of the heat generating element 2, tiie current flow- 
ing through the heat generating element 2 arxj the pulse 
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width thereof, are selected to provide the necessary 
energy. As regards the voltages applied to the heat gen- 
erating elements 2, can be maintained substantially 
constant by supply it from the voltage source of the 
main assembly of the liquid ejecting apparatus. On the 5 
other hand, as regards the currents through the heat 
generating elements 2, the resistance values of the heat 
generating elements 2 may be different depending on 
the lots of the element sut)strates 1 and individual ele- 
ment substrates 1 , because of the variation or the like of 
the f Om thicknesses of the heat generating element 2 in 
the manufacturing process. Therefore, if the pulse width 
applied to the heat generating element 2 is constant 
and the resistance value of the heat generating element 
2 is larger than the design value, the cunrent is lower, 
with the result cf insufficiency of the supplied energy, so 
that bubble generation cannot be proper. On the con- 
trary, when the resistance value of the heat generating 
element 2 is snnaller. the cunrent is larger even when the 
voltage is the same. In this case, the heat generating 
element 2 is supplied with excessive energy, with the 
possible result cf damage to, or service life reduction of, 
the heat generating element 2. Therefore, there is a 
method wherein the resistance values of the heat gen- 
erating elements 2 are always monitored by the resist- 
ance sensor, and the power source voltage or the 
heating pulse width is changed in accordance with the 
resistance value so that heat generating elements 2 are 
supplied with sut>stantially constant energy 
[0044] On the other hand, as shown in Rgure 2. (b). 
the top plate 3 is provided with grooves 3a, 3b for con- 
stituting the liquid fk>w paths and the common liquid 
chamber, as described hereinbefore, and further com- 
prises a sensor driver 17 for driving the sensor 13 pro- 
vided on the element substrate 1 . and a heat generating 
element controller 1 6 for controlling the driving condition 
for the heat generating element 2 in accordance with 
the output of the sensor driven by the sensor driver 1 7. 
The top plate 3 is provided with a supply port 3c in fluid 
com munication with the common liouid chamfc)er to per- 
mit supply of the liquid into the comrrwn liquid ch amber 
f or the outside . 

[0045] The stations of the element substrate 1 and the 
top plate 3 which are opposed to each other when they 
are connected, are provided with contact pads 14. 18 
for electrical connection between the circuits and the 
like provided on the element sut>strate 1 and the circuits 
and the like provided on the top plate 3. The element 
substrate 1 is provided with an outer or external contact 
pad 15 functioning as input contacts for receiving exter- 
nal electric signals. The size of the element sut>strate 1 
is larger than that of the top plate 3. and the external 
contact pad 15 is extended out of the top plate 3 wen 
the element substrate 1 and the top plate 3 are con- 
nected. 

[0046] The description will be made as to examples of 
formation processes of the circuKs or the like on the ele- 
ment substrate 1 and the top plate 3. 



[0047] As regards the element substrate 1 . the circuits 
which constitutes the driver 1 the innage data transfer 
portion 12 and the sensor 13 are first formed on the sil- 
icon substrate through a semicorKluctor wafer process- 
ing technique. Subsequently, as described, 
hereinbefore, the heat generating element 2 is formed, 
and finally, the contact pad 14 and the exterrtal contact 
pad 15 are formed. 

[P048] As regards the top plate 3. the circuits consti- 
tuting the heat generating element controller 16 ar»d the 
sensor driver 17 are formed on the silicon substrate by 
a semiconductor wafer processing technique. Then, as 
described hereinbefore, the grooves 3a, 3b constituting, 
the liquid flow paths and the comnrion liquid charrber 
and the supply port 3c are formed by f ilm,formation and 
etching, and finally, the connection contact pad 18 are 
provided. 

[0049] The thus constituted element sut>strate 1 and 
the top plate 3 are aligned and coupled, by which the 
heat generating elements 2 are aligned with the liquid 
flow paths, and the circuits and the like of the element 
5ut}strHte 1 and the top plate 3 are electrically con- 
nected with each other through the pads 14, 18. For the 
electrical connection, gold bumps are placed on the 
pads 14. 18. although doing so is not inevitable. By the 
electrical connection using the contact pads 14. 18 on 
the element substrate 1 and the top plate 3, the electri- 
cal connection is established simultaneously with the 
coupling between the element suk»strate 1 and the top 
plate 3. 

[0050] As shown in Rgure 1 , the liquid ejecting head 
of this embodiment comprises the nxsvable member 6. 
and therefore, the nrxn/able member 6 is placed on the 
element sut>strate 1 before the element substrate 1 and 
the connection is joined with each other. After the cou- 
pling between the element substrate 1 and the top plate 
3. the orifice plate 4 is connected to the front side of the 
liquid flow path 7. so that liqukj Reding head 21 (Figure 
3) is provided. 

[0051] When the liquid ejecting head 21 thus manu- 
factured is installed in the liquid ejecting apparatus or is 
mounted to the head cartridge which will be described 
hereinafter, the liquid ejecting head 21 is fixed on a base 
sut)strate 22 having a print wiring sut)strate 23 as 
shown in Figure 3. so as to constitute a liquid ejecting 
head unit 20. As shown in Rgure 3, the print wiring suk>- 
strate 23 is provided with a plurality of wiring patterns 24 
for electrical connection with the head controller of the 
liquid ejecting apparatus, and the wiring patterns 24 are 
electrically connected with the outer contact pads 15 
through the bonding wire 25. The outer contact pads 15 
are provided only on the element sut^strate 1 . and there- 
fore, the electrical connection between the liquid eject- 
ing head 21 and the outside can be established in the 
same manner as in a conventional liquid ejecting head. 
In this example, the external contact pads 15 are pro- 
vided on the element substrate 1 , but they may be pro- 
vided on only on the top plate 3 not on the elerhent 
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substrate 1 . As desaibed hereinbefore, the various cir- 
cuits for driving and controlling the heat generating ele- 
ment 2, are distributed to the element substrate 1 and to 
the top plate 3 in consideration of the electrical connec- 
tion between the first and second substrates, so that cir- 
cuits are not concentrated on one substrate, and 
therefore, the liquid ejecting head can be downsized. By 
the provision of the electric connecting portions for the 
electrical connection at portions where the first arxi the 
secorxj suk>strates are connected for constitution of the 
head, tiie number of the electrical connecting portions 
of the head for the external connection is reduced, so 
tiiat reliability is improved, and tiie nunnber of parts is 
reduced, tiius accomplishing further downsizing the 
head. 

[0052] By not concentrating the circuits on one of the 
element substrate 1 and the top plate 3. the yield of ele- 
ment substrate 1 can be improved, and as a result, the 
manufacturing cost of the liquid ejecting head can be 
r^-ced. Since eiemenl sut^trate 1 and the top piate 3 
are both made of the silicon base material, thenmal 
expansion coeffidents of the element sut>strate 1 and 
the top plate 3 are tiie same. As a result even if the 
thermal-expansion occurs in the element substrate 1 
and the top plate 3, they ke^ the alignment therebe- 
tween, and therefore, the alignment between the 
respective heat generating elements 2 and the liquid 
flow paths 7. 

[0053] In this embodiment, the circuits are divided into 
an element substrate groups and a top plate group 
depending on the functions thereof. Hie criteria of the 
grouping will be described. 

[0054] The drcuit or drcuits corresponding to the indi- 
vidual heat generating elements 2 or to blocks of the 
heat generating elements 2 through electric wiring, are 
formation d on tiie element substrate 1. In the example 
shown in Rgure 2. the drivers 11 and the image data 
transfer portion 12 are those drcurts. Since the heat 
generating elements 2 receive tiie driving signals in par- 
allel, the wiring is required for the number of tiie signals. 
If such a circuit is formed on the top plate 3, the number 
of electric connections between the element substrate 1 
and the top plate 3 is large witii the result of higher lia- 
bility of the connection defect, txit the liability can be 
reduced by providing those circuits on the element sub- 
strate 1. 

[0055] The analog drcuit or drcuits such as a control 
circuit is provided on the top plate 3 not having the heat 
generating element 2, since it is easily influenced by 
heat In tiie example shown in Rgure 2, the heat gener- 
ating element controller 16 is this circuit. 
[0056] The sensor 13, may be provided eittier one of 
the element sut>strate 1 and the top plate 3, as desired. 
For example, if it is a resistance sensor, it is desirable to 
provide it on the element substrate 1 to assure the 
measurement accuracy. If it is a tenrperature sensor, it 
is preferable to provide it on the element substrate 1 
(first substrate) when it is for detecting the temperature 



rise due to abnormality of tiie heater driving drcuit: and 
when it is for cfiscriminating the state of the ink using^tiie 
tenrperatur ^ ri se of the ink, it is preferable to provide it 
on the top plate 3 (second substrate) or on each of tiie 

5 element substrate and the top plate. 

[0057] Other circuits such as a drcuit not correspond- 
ing to the heat generating elements 2 or blocks of tiie 
heat generating elements 2 through electric wiring, a 
drcuits not required to be provided on the element sut>- 

10 strate 1 , a sensor or the like of which tiie measurement 
accuracy is not influenced, may be provided on eitiier 
one of the element sii>strate 1 and the top plate 3 so as 
to avoid concentration on one of them. In the example 
shown in Figure 2, the sensor driver 1 7 is this type of cir- 

15 cuit 

[0058] By distributing the circuits and the sensors on 
the k>asis of the criteria desaibed above, they can be 
distributed with good t>alance without minimizing the 
nurT4)er of electrical connections between the element 
20 su'Dstraie 1 and the top plate 3. 

[0059] More specific examples of the drcurts will be 
described. 

(Example of controlling applied energy to heat generat- 
es ing element) 

[0060] Rgure 4 shows an example of the circuit struc- 
tures on the element suk>strate and the top plate in 
which the applied energy to tiie heat generating ele- 
30 ment is controlled in accordance wrtii tiie sensor output. 
[0061] As shown in Rgure 4, (a), on the elemerrt sub- 
strate 31 are formed heat generating elements 32 
arranged in a line, power transistors 41 functioning as 
drivers. AND drcuits 39 for controlling the driving of the 
35 power transistors 41 . a drive timing control logic circuit 
38 for controlling tiie drive timing of the power transis- 
tors 41 , an image data transfer drcuit 42 comprising the 
shift registers and latching drcuits. arxl a sensor 43 for 
detecting ttie resistance value of tiie heat generating 
40 element 32. 

[0062] The drive timing control logic drcuit 38 func- 
tions for divided drive of the heat generating elements 
32 (the elecb^ic power is not supplied simultaneously to 
all of the heat generating element 32) to reduce the 
45 capacity of the voltage source of the apparatus, and an 
enat)ling signal for driving the drive timing control logic 
drcuit 38 is supplied through enabling signal input con- 
tacts 45k-45n which are external or outer contact pads. 
[0063] In addition to the enal)ling signal input contact s 
50 45k-45n. the outer contact pads provided on the ele- 
ment sut>strate 31 indude an input contact 45a for sup- 
plying electric energy to the heat generating elements 
32, a grounding contact 45b for the power transistors 
41 . input contacts 45c-45e for the signal necessary for 
55 controlling the energy driving the heat generating ele- 
ments 32, a driving voltage source contact 45f lor tiie 
logic circuit, a grounding contact 45g, an input contact 
45i for tiie serial data to be supplied to tiie shift register 
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of the image data transfer drcurt 42, an input contact 
45h for a serial clock signal in synchronization there- 
with, and an input contact 45j for a latch Clock signal to 
be supplied to the latching circuit. 
[0064] On the other hand, as shown in Figure 4, (b), 
on the top plate 33 are formed a sensor driving drcuit 
47 for driving the sensor 43, a driving signal control dr- 
curt 46 for nfX)nitoring the output of the sensor 43 and for 
controlling the applied energy to the heat generating 
elements 32 in accordance with outputs of the sensor 
43, memory 49 for storing, as head information, the 
resistance value data sensed by the sensor 43 or a 
coded rank values of the resistance value data, and the 
liquid ejection amount properties of the heat generating 
elements 32 which are measured beforehand (tiie liquid 
ejection amounts witii a predetermined pulse applica- 
tion under a predetermined terrperature) and for output- 
ting the information to the driving signal control drcuit 
46. 

[0065] As for the contact pads for tiie electric connec- 
tion, the element substrate 31 and the top plate 32 are 
provided with contacts 44g, 44h, 46g, 48h for connec- 
tion between the sensor 43 and the sensor driving dr- 
cuit 47, contacts 44b-44d, 48b-48d for connection 
between tiie input contacts 45c-45e and the driving sig- 
nal control drcurt 46, and a contact 48a for inputting the 
output of the driving signal control drcurt 46 into one of 
tiie input contacts of tiie AND drcurt 39. as shown in tiie 
Rgure. 

[0066] With such a structure, the resistance value of 
tiie heat generating element 32 is detected by the sen- 
sor 43. and tiie results thereof are stored in the memory 
43. The driving signal control circuit 46 determines ris- 
ing and foiling data for the driving pulse for tiie heat gen- 
erating element 32 in accordance witii the resistance 
value data and the liquid ejection amount property 
stored in the memory 43, arxJ supplies the determined 
data to the AND drcuit 39 through the contacts 48a, 
44a. On the other hand, the image data inputted in 
series are stored in a shift register of tiie image data 
transfer circuit 42, and are latched in the latching circuit 
by a latohing signal, and is supplied to the AND drcuit 
39 tiirough the drive timing control drcuit 38. By doing 
so, the pulse widtii of tiie heating pulse is determined in 
accordance witii tiie rising and falling data, and the heat 
generating element 32 is actuated with the pulse widtti. 
As a result, the heat generating element 32 is sipplied 
witii a substantially constant energy. 
[0067] In the foregoing exanrple, the sensor 43 is a 
resistance sensor. It may be a temperature sensor for 
detecting a degree of heat accumulation of the heat 
generating element 32 or for detecting a temperature of 
tiie element substrate 31, and the preheating pulse 
width may be controlled in accordance with the output of 
the terrperature sensor. 

[0068] In tills case, tiie driving signal control circuit 46 
determines the preheat width of the heat generating 
element 32 in accordance with tiie liquid ejection 



amount property determined beforehand and tiie tem- 
perature data detected by the sensor 43, after the volt- 
age source of the liquid ejecting apparatus is actuated. 
The menrx>ry 49 stores selection data for selecting pre- 

5 heat widths con^esponding to the respective heat gener- 
ating elements 32, and when the preheat is actually 
effected, the preheating signal is selected in accord- 
ance with the selection data stored in the memory 49; 
and then, the heat generating elements 32 are pre- 

10 heated in accordance tiierewitii. In such a manner, the 
preheating pulse is so selected and applied tiiat ejection 
amounts of the respective ejection outiets are uniform 
in^espective of tiie temperature state. Tiie selection data 
which determine the preheat widtii may be once stored 

15 at the time of the start of tiie liquid ejecting apparatus. 
[0069] In tiie example of Figure. 4, one sensor 43, is 
used, but two sensors (resistance sensor and tempera- 
ture sensor) may be provided, and txytii of the heating 
pulse and the preheating pulse are controlled in accord- 

20 ance witii the respective outputs, by which the image 
quality can be furtiier improved. 
[0070] The head information stored in the memory 49 
may include a nature of the liquid to be ejected (when 
the liquid is inK the nature may be the color of the ink or 

25 the like) in addition to the resistance value data of the 
heat generating elements. This is because, the proper- 
ties of tiie liquids may be different and therefore, ttie 
ejection properties are different. The head information 
may be stored in the mennory 49 after the liquid ejecting 

30 head is assembled as non-volatile memory, or tiie infor- 
mation rmy be supplied from the apparatus after instal- 
lation of tiie liquid ejecting apparatus loaded witii tiie 
liquid ejecting head. 

[0071] In the example shown in Rgure 4, the sensor 
35 43 is provided on the element substrate 31, but when 
the sensor 43 is a temperature sensor, it may be pro- 
vided on tiie top plate 33. As regards the menrK)ry 49, it 
may be provided on the element substrate 31 not on the 
top plate 33 if tiie element substrate 31 has enough 
40 space. 

[0072] As described in the foregoing, even if the drive 
or actuation of the heat generating elements 32 are con- 
trolled so as to provide good image qualities, the liquid 
may not be ejected despite the liquid is in the common 
45 liquid chamber, if txjbbles exist in the comrTK>n liquid 
chamber and are introduced to the liquid flow paths with 
the refilling of the liquid. 

[0073] As a countermeasuremerrt. a sensor may be 
pr ovided to detect the presence or absence of the liquid 

50 i n each of the liquid f tow patii (particularly, adjacent tiie 
heat generating elemerrt 32) (detail thereof will be 
described hereinafter), and when the absence of the liq - 
uid ni^ je detected by the senso r^ the^evg it may b e 
^^gljg]to jie outside . A processdrcult for tiiis pur- 

55 pose may be provided on the top plate 33. Injhi§j:asje. 

thoJj^^ijHjg liq^ifLojoiTtinQ hfi^H ic^ f OTCedly SUCkfid 

o ut tiirough tiie eiection outiets bv the liquid eiectino 
apparatus In response to the output of the process cir- 
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curt, by which the bubble in the liquid flow path can be 
removed. The senor for detecting the presence or 
absence of the liquid may effect the detection using the 
change of the resistance value through the liquid or 
using an atxiormal temperature rise of the heat generat- 5 
ing element in the afc>sence of the liquid. 

(Example of controlling temperature of element sii>- 
strate) 

[0074] Rgure 5 shows an example of drcuit structures 
on the element substrate and the top plate for control- 
ling the temperature of the element substrate in accord- 
ance with a sensor output. 

[0075] In this example, as shown in Rgure 5. (a), on 
the element substrate 51 is formed a temperature keep- 
ing heater 55 for heating the element substrate 51 per 
se to control the temperature of the element substrate 
51 In addition to the heat generating elements 52 for tiie 
liquid ejection, and a power transistor 56 as a driver for 
the temperature keeping heater 55. as compared with 
the element sut>strate 31 shown in Rgure 4. (a). The 
sensor 63 is a temperature sensor for measuring the 
temperature of the element substrate 51 . On the other 
hand, as shown in Figure 5. (b), on the top plate 53 is 
formed a sensor driving circuit 67 for driving the sensor 
63 and a tenperature keeping heater control drcuit 66 
for monitoring tiie output of the sensor 63 and for con- 
trolling the driving of the temperature keeping heater 55 
in accordance with tiie output of the sensor 63. in addi- 
tion to the menriory 69 storing the liquid ejection amount 
properties. The temperature keeping heater control dr- 
cuit 66 indudes a comparator which compares an out- 
put of the sensor 63 witii a tiireshold predetermined on 
the basis of the temperature required for tiie element 
substrate 51. and when the output of the sensor 63 is 
higher than the threshold, a temperature keeping heater 
control signal for driving the temperature keeping heater 
55 Is outputted. The temperaturereguir gi for the eler 
m &n substrate 51 l^"sugi a tenripeiihjrewittiwhi the 
vi scosity of the liquid in the liquid ejecting head is within 
a s table ejection range . 

[OCfrS] Contacts 64ai 68a for inputting a temperature 
keeping heater control signal outputted from the tem- 
perature keeping heater control circuit 66 to the power 
transistor 56 for the temperature keeping heater formed 
on the element sut>strate 51 . are provided on the ele- 
ment substrate 51 and tiie top plate 53 as contact pads. 
The structures in the other respect is tiie same as those 
shown in Figure 4. and tiierefbre. the detailed explana- 
tion is omitted for simplicity. 

[0077] Witii this structure, the temperature keeping 
heater 55 is actuated by the temperature keeping heater 
control drcuit 66 in accordance witii the output of the 
sensor 63. so thaHerna erature of the element sut>strate 
51 js maintained at a predetermined tenryerature . As a 
r ^lt, the"viscosity of the liquid in the liquid ejectin g 
head is maintained within a stable ejection range, thus 



assuring proper ejection. 

[0078] Individual sensors usat)le as the sensor 63 
involves variation in the voHage outputs. Therefore, a 
furtiier accurate temperature control Is desired, a cor- 
rection value for compensating the variation may be 
stored in the memory 69 as head Information, and the 
t hreshold set in the temperature keeping h ead er control 
drcuit 66 may be adjusted in accordarx;e with the cor - 
rection value stored In the menrory 69. In the embodi- 
ment of Rgure 1 , the grooves constituting tiie liquid flow 
paths 7 are fomied in tiie top plate 3, and the nrxivable 
members 6 are manufactured in a process separate 
from that for the elemerrt substrate 1 , and the member 
provided with the ejection outiets 5 ((orifice plate 4) is 
made of a member separate from tiie element substrate 
1 and from ttie top plate 3. However, the present inven- 
tion is not limited to this case. 
[0079] Figures 6-1 0 show another example of tiie ele- 
ment substrate and the top plate. The example of Fig- 
ures 4 and 5 is applicable to the liquid ejecting heads 
according to the emlxxJiments of Rgures 6-10, which 
will be descnlsed. In the following description, the struc- 
ture of the liquid ejecting head Is taken, and the struc- 
ture of the electric circuits are omitted for simplidty. 
[0080] In the example of Figure 6, the movable mem- 
bers 76 are built In the element sut)strate 71, and the 
top plate 3 is provided with the ejection outiets 75. The 
nrxTvable memt>er 76 is directiy formed on the element 
sut)strate 71 through a film formation process after the 
heat generating element 72 is formed on the element 
substrate 71. At this time, the upper part of tiie heat 
generating element 72 is treated for weakening the con- 
tact by which the movable member can be formed into 
a carrtilever. As regards the top plate 73, when the 
grooves constituting the liquid flow paths 77 and the 
comnrton liquid chamber 78 are formed In the top plate 
73. a wall having a thickness of the orifice plate is 
caused to reniain at the end surfoce of the top plate 73. 
and tiie ejection outiets 75 are formed through the wall 
by ion beam machining, electron beam process or the 
like. 

[0081] In the example shown in Rgure 7, the grooves 
constituting the liquid flow paths 87 and common liquid 
chamber 88 are formed in the element substrate 81, 
and the top plate 83 has a supply port 83c only as open- 
ing. After the heat generating elements 82 are formed 
on tiie element substrate 81 . the nxsvable members 86 
are formed on the element substrate 81 . Thereafter, tiie 
material comprising as a vmn material silicon material 
such as silicon nitride, silicon oxide or tiie like is formed 
into a film on tiie element sut>strate 81. and tiien. tiie 
portions of tiie walls corresponding to the orifice plate 
and tiie side walls 89 of the flow paths, are patterned. 
Sut>sequerrtiy. similariy to Rgure 6. ejection outiets 85 
are formed, and finally, the top plate 83 is connected. In 
this example, the heat generating elements 82. the liq- 
uid flow paths 87. the nxivable members 86 are all 
formed using semiconductor wafer processing tech- 
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nique. and the ejection outlets 85 are formed by pattern- 
ing, so that liquid flow paths are provided with high 
accuracy. Accuracy of the fastening of the top plate 83 
is dependent on the machine assemt)ling accuracy, but 
what is done is to connect the supply ports 83c with the 
liquid flow paths 87, and the ejection performance is 
determined by the liquid flow passage configurations, 
and therefore, a less expensive assembling machine is 
enough for the desired accuracy. 
[0082] In the example shewn in Rgure 8, the liquid 
ejecting head is an ordinary one not having the nrx>vable 
member, and the structure thereof is the same as that of 
Rgure 1 in the other respects. More particularly, 
grooves constituting the liquid flow paths 97 and the 
common liquid chamber 88 are formed in the element 
substrate 91 having the heat generating elements 92 
formed thereon, and the top plate 93 having the supply 
port 93c formed therein is fastened thereto, arxi then, 
an orifice plate 94 having the ejection outlets 95 formed 
therein is connected orSaslened to the front end of the 
united element substrate 91 and top plate 93. 
[0083] In the exanple of Rgure 9. there is not pro- 
vided a movable member, arxJ the ejection outlets 105 
are formed in the top plate 103. In the element sut>strate 
101 , only the heat generating elements 102 are formed, 
and the other structures are the same as that shown in 
Rgure 6, arxJ therefore, the detailed description thereof 
is omitted. 

[0084] In the example shown in Rgure 1 0, there is not 
provided a movable menriser, and the ejection outlets 
1 1 5 are formed in the element substrate 111. The struc- 
ture of the element substrate 111 is the same as that 
shown in Rgure 7 except that movable member Is not 
provided, an6 the structure of the top plate 113 Is the 
same as that shown In Rgure 7. so that detailed 
description thereof is omitted. 
[0085] Referring to Figures 11-15, the description will 
be n^de as to a head driving operation in accordance 
with a result of detection and detection of pres- 
ence/absence of the inK using the temperature sensor. 
[0086] Rgures 11-15 show a further structures of cir- 
cuits the element substrate and the top plate of the liq- 
uid ejection recording head accorcBng to emlxxJimenls 
of the present invention, in each of which (a) is a top 
plan view of the element sut)strate. and (b) is a top plan 
view of the top plate. These Rgures show the opposing 
surfaces similarly to Rgure 2 in (a) and (b). and the bro- 
ken lines on (b) indicates the position of the liquid cham- 
ber and the Rgure when the they are united. 
[0087] The heads shown in Rgures 11-15 are not pro- 
vided with the nfK)vable member shown in Rgure 10. 
and the ejection outlets are formed in the element sut>- 
strate, but as regards the structures of the element sub- 
strate and the top plate, they are applicable to any 
exanrples having been shown. In the following descrip- 
tion, the examples can be combined within the sprit of 
the present invention, unless particular mentioning to 
the contrary is made. In the following examples, the like 



reference numerals or characters are assigned to tiie 
elements having the conresponding functions. 
[0088] In Rgure 1 1 . (a), the element substrate 401 are 
provkled witii a plurality of heat generating elements 

5 402 arranged in parallel conesponding to the flow paths 
descrbed above, a sut>-heater 455 in the common liq- 
uid chamber, drivers 41 1 for actuating tiie heat generat- 
ing elements 402, an image data transfer portion 41 2 for 
outputting the image data to the driver 41 1 , flow pas- 

10 sage walls 401 a for constituting the nozzles and a liquid 
chamber frame 401b. 

[0089] On the ottier hand. In Figure 1 1 , (b). the top 
plate 403 is provided with a temperature sensor 413 for 
measuring a temperature in the comnrK)n liquid cham- 

15 ber, a sensor driver 417 for actuating the temperature 
sensor 413. a limitation circuit 459 for limiting or stop- 
ping driving of the heat generating resistors, a heat gen- 
erating elemerrt controller 416 for controlling a driving 
condition of tiie heat generating elements 402 on tiie 

20 basis of tiie signals from the sensor driver 41 7 and tiie 
limitation drcuit 459, arxi a supply port 403a in fluid 
communication witii the comnx>n liquid chamber to sup- 
ply the liquid into the common liquid chamber from out- 
side. 

25 [0090] Additionally, the opposing surfaces of the ele- 
ment substrate 401 and tiie top plate 403 are provided 
witti connection contact pads 414, 418 for electrical 
connection between tiie circuits or the like formed on 
the element substrate 401 and the circuits or tiie like 

30 formed the top plate 403. The element substrate 40 1 is 
provided with an outer or extemal contact pad 4 15 
functioning as Input contacts for receiving extemal elec- 
tric signals The size of the element substrate 40 1 is 
larger ttian that of tiie top plate 40 3, and the extemal 

35 contact pad 4 15 Is extended out of the top plate 40 3 
wen the element sii)strate 1 and the top plate 40 3 are 
connected. They are formed in the same manner as 
witii Rgure 2 embodiment. The thus constituted ele- 
ment substrate 40 1 and the top plate 403 3 are aligned 

40 and coupled, by which the heat generating element 40s 

2 are aligned with the liquid flow patiis, and tiie circuits 
and the like of the element sut)strate 1 and the top plate 

3 are electrically connected with each other through the 
contact pad 414. and 418. 

45 [0091 ] The Ink is filled in a gap of several tens microns 
between the first sut>strate (element substrate 401) and 
ttie second substrate (top plate 403). When the heating 
is canied out by tiie sub-heater 455, the heat transfer to 
the second substrate is different deperxJing on the pres- 

50 ence or absence of the Ink. The difference of the heat 
transfer Is detected by a temperature sensor 413 consti- 
tuted by a diode sensor or the like having PN junction to 
discriminate the presence or absence of the Ink in tiie 
liquid chamber. Therefore, when^an abnormalit y tem- 

55 ^erature as compared with that when the ink is present , 
i s detected on the basis of the detection result by th e 
te^erafaire sensor 41 3^ me actuation^ the heater 402 
IS limited or stopped by the limitation circuit 459. or a 
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signal indicative of the abnormality is supplied to the 
main assembly, so that physical damage of the head 
can be prevented, and the stabilized ejection perform- 
ance can be maintained. 

[0092] According to the present invention, the temper- s 
ature sensor and the limrtation circuit can be manufac- 
tured through the semiconductor wafer processing 
technique, arxj therefore, the elements can be placed at 
the optimum locations, and the damage, preventing 
function for the head can be added without cost rise. 
[0093] Rgure 12 shows a modification of Figure 1 1 
embodiment, and in this modified example, the use is 
made with an ejection heater i.e. heat generating resis- 
tor 402 rather than the sub-heater, as is 5 different from 
Rgure 1 1 embodiment. In the modified example of Rg- 
ure 12, the temperature sensor 413 is provided in a 
region on the top plate 403 opposed to the heat gener- 
ating elements 402, and effects the detection of pres- 
ence/absence by detecting the tempemture when the 
heat generating elements 402 are operated with a short 
pulse not enough for bubble generation or with low volt- 
age. K is possible to monitor the temperature while the 
liquid is being ejected, in addition to the detection of 
presence/absence and feed the nrtonitored output back 
to tfie~clnving~system. The structure of this nrxxiified 
example is particularly effective when the sub-heater Is 
not easily disposed in the common liquid chamber. In 
this this modified example, the heat generating element 
controller 416 limits or stops the head driving on the 
basis of the output of the temperature sensor 413. 
[0094] Rgure 13 shows a nrxxJification. in which tem- 
perature sensors 413 are provided corresponding to 
groups of different heat generating elements 402 (In the 
Rgure, 413a. 413b, 413c or the like conrespond to the 
respective nozzles). Since the heat generating ele- 
ments 402 can be selectively driven, the state of ink (ink 
presence or absence) can be detected for a smaller 
area by the provision of a plurality of temperature sen- 
sors. 

[0095] By the provision of the temperature sensors in 
one-to-one relationship to the heat generating elements 
as in this embodiment, the temperature change upon 
the liquid ejection can be detected for respective noz- 
zles, and therefore, the presence or at>sence of the ink 
in the nozzle and/or the bubble generation state can be 
detected on the basis of the temperature. As re gards 
detecti on of a partial eje ction ^lure for each nozzle due 
to;lrtR§]ortage, memory disclosed in Rgure 15 may be 
provided, which stores data Indicative of normal ejec- 
tion, which data is used for comparison. Alternatively, 
the data of adjacent nozzles may be compared. For 
example, if 413b only is atnormal among 413a. 413b. 
413c. for example, tiie nozzle 413b Is discriminated as 
being abnormal. 

[0096] In this case, the temperature sensors 413a, 
413b, 413c ... are not connected witii the respective 
heat generating resistors through the electrical wiring 
connection, and therefore, tiiere arises no such a prob- 



lem that wiring is complicated even if tiiey are provided 
on tiie second substrate (top plate 403). Even when a 
plurality of sensors are provided, the cost rising can be 
avoided by using semiconductor wafer process, accord- 
ing to the present invention. For this reason, the present 
invention is particularly preferably used with a full-line 
head. 

[0097] In the modified example of Figure 1 4. the tem- 
perature sensors 413a. 413b are provided on the first 
and second substrates (element substrate 401 and top 
plate 403) respectively, as is different from the modified 
example of showing. When tiie tenperature censor Is 
disposed only on one of the substrates, and the tiiresh- 
old between the presence and^a^enc@ of the Ink 
changes with the ambience heating or the state of the 
head (for example, immediately after the completion of 
the printing operation), the control ntay be improper. 
But, by the measurement of tiie difference In the tem- 
perature rise by tiie two sensors during heating, the 
state of tiie ink such as ink presence/absence can be 
more correctiy detected tiian when the sensor Is pro- 
vided only on one substrates. 
[0098] In a modified exanple of Rgure 15. during the 
manufacturing process, memory 469 is provided which 
stores the temperature changes upon actuation of the 
heat generating resistor when the I nk exists and when 
tiie Ink does not exist , as head information, and which 
outputs the stored data to a heat generating element 
contoller 416. By tiie provlsk)n of tiie memory 469 and 
comparison between the stored data and the output of 
the sensor, higher accuracy detection of ink pres- 
ence/absence is accomplished. 
[0099] The memory may store the head Informatio n 
such as liquid"ei^on amount properties of tiie heat 
oeneratinQel ements 402 which have been determined 
bef oreharidl tfieliquid ejection amount upon predeter- 
mined pulse application at a constant temperature), the 
used ink or the like. 

[0100] In the foregoing, the present invention has 
been described. The description will be made as to 
structures usable witii the present invention. 
[01 01 ] The description will be made as to a liquid ejec- 
tion head cartridge having a liquid ejecting head of tiie 
embodiment 

[01 02] Rgure 1 6 Is a schematic exploded perspective 
view of a liquid ejection head cartridge including the liq- 
uid ejecting head described In tiie foregoing, and the liq- 
uid ejection head cartridge Is generally constituted by a 
liquid ejecting head 200 and a liquid container 140. 
[0103] The liquid ejecting head 200 comprises an ele- 
ment suk>strate 15L, a top plate 153 provided witii an 
ejection outiet, a confining spring 128. a liquid supply 
member 130. a aluminum base plate (supporting mem- 
ber)120. The element subsb'ate 151 is provided witii an 
array of heat generating resistors for applying heat to 
the liquid as described hereinbefore. By connecting tiie 
element substrate 151 and the top plate 153. liquid flow 
paths (unshown) for the liquid to be ejected Is formed. 
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Ihe confining spring 128 urges the top plate 153 toward 
the element substrate 151, by which the element sub- 
strate 15L, the top plate 153 and the supporting mem- 
ber 120 are unified. When the top plate and the element 
substrate are connected by adhesive material with each 
other, the confining spring Is not necessary. The sup- 
porting member 120 supports the element substrate 
151 or the like, and the supporting member 120 is pro- 
vided with print wiring sut>strate 123 for supplying elec- 
tric signals to the element substrate 151 arxi contact 
pads 124 for connection with the main assembly of the 
apparatus for communication therebetween. 
[0104] The liquid container 140 contains liquid to be 
supplied to the liquid ejecting head 200. On the outside 
of the liquid container 140 are provided a positioning 
portion 144 for positioning a connecting member for 
connection between the liquid container 140 and the liq- 
uid ejecting head 200, and a fixed shaft 1 45 for fixing the 
connecting member. The liquid is supplied through a 
supply passage of the connecting merrber from the liq- 
uid supply paths 142. 143 of the liquid container 140 to 
the liquid supply paths 131. 132 of the liquid supply 
member 130, and is supplied to the comnrK)n liquid 
chamber through the liquid supply passages 133, 129, 
153c. In this embodiment, the liquid is supplied from the 
Ikiuid container 140 to the liquid supply member 130 
through two paths, but only one path may be provided. 
[0105] The liquid corrtainer 140 may be refilled with 
the liquid after the liquid therein Is used up. In order to 
permit this, the liquid container 140 is preferably pro- 
vided with a liquid Injection port. The liquid ejecting 
head 200 and the liquid container 140 may be integral or 
separable. 

[0106] Figure 17 shows a general arrangement of a 
liquid ejecting apparatus loaded with the liquid ejecting 
head described hereinbefore. In this embodiment, the 
description will be made as to an ink ejection recording 
apparatus IJRA using ink as the ejection liquid. The liq- 
uid ejecting apparatus has a carriage HC which is 
loaded with a head cartridge including a liquid container 
140 for accommodating ink and a liquid ejecting head 
200 which are detachable relative to each other, and the 
carriage reciprocates In a lateral direction (arrows an 
and b) of the recording material 170 for feeding the 
recording paper fed by the recording material feeding 
meana The liquid container and the liquid ejecting head 
are detachable from each other. 
[0107] In Rgure 17, when a driving signal Is supplied 
to the liquid ejecting means on the carriage HC from the 
unshown driving signal supply means, the recording liq- 
uid is ejected from the liquid ejecting head 200 to the 
recording material 170 in response to the signal. 
[0108] In the liquid ejecting apparatus of this embodi- 
ment further includes a recording material feeding 
means, a motor 161 as a driving source for driving the 
carriage HC, gears 162, 163 for transmitting power to 
the carriage HC from the driving source, and a carriage 
shaft 164. With this recording device, the liquid is 



ejected to various recording materials, so that proper 
image Is formed thereon. 

[01 09] Figure 1 8 is a block diagram of the entire appa- 
ratus for operating the ink ejection recording apparatus 

5 using the liquid ejecting head of the present invention. 
[0110] The recording device receives the printing 
information as the control signal, from the host conpu- 
ter 300. The printing infornration Is temporarily stored in 
the I/O interface 301 , and sinrtuttaneously it is converted 

10 to data which can be processed in the recording device, 
and then inputted to a CPU302 functioning also as head 
driving signal supply means. On the basis of the control 
program kept in the ROM303, the CPU302 processes 
the data inputted to the CPLI302. using peripheral unit 

15 such as RAM304, and covert it to printing data(image 
data). 

[01 1 1 ] The CPU302 produces driving data for driving 
a driving motor 306 for nrKiving the head 200 and the 
recording sheet in synchronism with image data to 

20 record the image data on a proper portion of the record- 
ing sheet. The image data and nrx>tor driving data are 
transmitted to the head 200 and the driving motor 306 
through the head driver 307 and the motor driver 305 to 
form the inrage t>y driving at controlled timing. 

25 [01 1 2] The recording material usatHe with the record- 
ing devices descn*bed above include various paper. 
OHP sheet, plastic resin material such as compact disK 
ornament plate or the like, textile, metal material such 
as aluminum or copper, leather material such as cattle 

30 hide, pigskin or artificial leather, wood material such as 
wood, plywood, t)amboo. ceramic material, such as tile, 
three-dimensional assemt)ly such as sponge. 
[01 13] The recorcfing apparatuses Include a printer for 
printing on various paper, OHP sheet or the like, plastic 

35 resin material material, printing apparatus for printing 
on plastic resin material such as compact disK a metal 
recording device for printing on metal, a leather record- 
ing device for printing on leather, a wood material print- 
ing apparatus for printing on wood material, a ceramic 

40 recording device for printing on ceramic material, a 
recording device for printing on a three dimensional 
material such as sponge, and textile printing apparatus 
for printing on textile, or the like. 
[0114] The ejection liquid usat»le with the liquid eject- 

45 ing apparatus, is easily selected by one skilled in the art 
on the basis of the recording material and the recording 
conditions. 

[01 1 5] The description will be made as to an example 
of an Inkjet recording system for effecting recording on 
50 a recording material using the liquid ejecting head as a 
recording or printing head. 

[01 1 6] Figure 1 9 is a schematic view illustrating an ink 
jet recording system using the liquid ejecting head of the 
present invention. The liquid ejecting head of this 
55 embodiment is a full line type head having ejection out- 
lets arranged with 360dpi over a length corresponding 
to a recordable width of the recording material. Four of 
such heads 201a-201d for yellow (Y), magenta (M). 
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cyan (C) and black (Bk) are fixedly supported in parallel 
with each other in X direction with predetermined gaps 
between adjacent ones. 

[0117] Signals are fed from head drivers 307 consti- 
tuting the driving signal supply means to the heads 
201a-201d, and the heads 201a-201d are driven In 
response to the signals. Four color inks (Y, M, C. Bk) are 
supplied as the ejection liquid from the ink container 
204a-204d to the heads 201a-201d. 
[0118] Below the heads 201a-201d, there are pro- 
vided head caps 203a-203d having ink absorbing mem- 
ber such as sponge therein, and during non-recording, 
they cover the ejection outlets of the heads 201a-201d 
to maintain the heads 201a-201d. 
[01 1 9] Designated by reference numeral 206 is a con- 
veyer belt constituting feeding means for feeding the 
recording material as desalbed above. The conveyer 
belt 206 Is extended along a predetermined path around 
various rollers, and Is driven by a driving roller con- 
nected to a motor driver 305. 
[01 20] In this jet recording system, there are provided 
pre-processing device 251 arrd post processing device 
252 for carrying out various processings on the record- 
ing material before and after the recording operation, 
upstream and downstream of the recording material 
feeding path, respectively. 

[01 21 ] The post-process and the recording canies out 
different processing or treatment depending on the 
material of the recording object or Ink material. For 
example, for the metal, plastic resin material, ceramic or 
the like, the pre-processing may be application of ultra- 
violet radiation and ozone to activate the surface, thus 
improving the deposition property of the Ink. For the 
plastic resin material or the like which easily generates 
static electricity, and therefore, the dust Is easily depos- 
ited thereon and may deteriorate the print Therefore, 
the pre-process may use an ionizer apparatus to 
remove the static electricity of the recording material 
and to renrxyve the dust When the textile Is used as the 
recording material, alkaline substance, water-solukile 
substance, composite polymeric, water-soluble metallic 
salt, urea or thiourea may be applied from the starKl- 
point of spread prevention, improvement in the fixing or 
the like. The pre-process Is not limited to this, and nrray 
be the one for providing proper temperature of the 
recording material. 

[0122] On the other hand, the post- process way be 
heat treatment ultraviolet radiation projection or the 
like, for the recording material having received the ink to 
promote the fixing of the inK or it may be the process for 
renxiving the processing material remaining as a result 
of pre-process and non-reaction. 
[0123] In this example, the head 201a-201d has been 
desaibed as a full-line head, but this is not limiting, and 
a small head may be moved in the lateral direction of the 
recording material. 

[0124] As described in the foregoing, the plurality of 
elements and/or the electric circuits for controlling the 
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driving condition of the energy conversion elements are 
distributed to the first substrate and the second sub- 
strate deperKling on the their functions, so that liquid 
ejecting head can be downsized. Additionally, since the 

5 function is not concentrated on one substrate, the yield 
of the substrate is improved, and as a result, the manu- 
facturing cost of the head can be lowered. 
[01 25] By an external contact Is provided on one of the 
first substrate and the second substrate, and opposing 

10 surfaces of the first substrate and the second sut>strate 
are provided with connection electrode, so that electri- 
cal connection between the electric circuits or the ele- 
ments can be established simultaneously with the 
coupling or fastening of the first substrate and the sec- 

15 ond substrate, while the connection with the outside can 
be effected in the similar manner as conventional man- 
ner. 

[0126] By making the first substrate and the second 
substrate from silicon material, the element and the 

20 electric circuit can be produced using the semiconduc- 
tor wafer processing technique, arxJ the positional devi- 
ation due to the difference in the thermal-expansion 
between the first substrate and the second substrate 
can be prevented. 

25 [01 27] At least the secorxj substrate may be provided 
with a temperature sensor, a limitation circuit for limiting 
or stopping driving of the heat aeneratino resistor in 
acco rdance witii an output of the temperature senso r. 
so that differe n ce of the temperature propagation 

30 d gjendingorTthepresence or absence of the ink in th e 
head, an d the driving of the heat generating resistor can 
be limited or stopped on the basis of result thereof. 
Thus, the third object 5 can be accomplished. By manu- 
facturing the temperature sensor and the limitation cir- 

35 cuit using the semiconductor wafer processing 
technique, highly accurate detection of presence or 
absence of the Ink Is possible without cost increase. 
[0128] The energy conversion elements generate 
bubbles in the liquid by application of themnal energy, 

40 arxJ each of said liqukl flow paths may be provided with 
a rrxjvable member disposed faced to the energy con- 
version element and having a free end at a downstream 
side with respect to liquid flow toward then ejection out- 
let By doing so, the propagating direction of the pres- 

45 sure resulting from the generation of the buttble and the 
expanding direction of the bubble per se can be directed 
toward the downstream side by tiie rrxivable member, 
so that ejection property such as the ejection efficiency, 
the ejection power or the ejection speed is improved. 

50 [0129] While the Invention has been described witii 
reference to the structures disclosed herein, it is not 
confined to the details set forth and tiiis application is 
intended to cover such nrxxlif ications or changes as may 
come witiiin the purposes of the Improvements or the 

55 scope of the following claims. 
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Claims 

1 . A liquid ejection head comprising: 

a plurality of ejection outlets for ejecting liquid; 
a first sut>strate and a second substrate for 
constituting a plurality of liquid flow paths in 
fluid communication with said ejection outlets, 
respectively when combined with each other; 
a plurality of energy conversion elements dis- 
posed in said liquid flow paths, respectively to 
convert electrical energy to ejection energy for 
the liquid in said liquid flow paths; 
a plurality of elements or electric circuits having 
different functions for controlling driving condi- 
tions of said energy conversion elements; 
wherein said elements and electric circuits are 
provided either on said first sut>strate and said 
second substrate, depending on their func- 
tions. 

2. A liquid ejection head according to Claim 1 , further 
comprising an outer contact for electrical connec- 
tion of said elements or electric circuits with outside 
on either one of said first substrate or second sut>- 
strate. and a connection electrode for electrical 
connection of said elements or electric circuits on 
such surfaces of said first substrate and second 
substrate as are opposed to each other, so tfiat 
they are electrically connected by combining said 
first sut)strate and second substrate. 

3. A liquid ejection head according to Claim 1 , wherein 
said first substrate and second substrate are made 
from silicon material, and said elements or electric 
circuits are formed on said first substrate arxJ sec- 
ond substrate through semiconductor wafer 
processing technique. 

4. A liquid ejection head according to Claim 1 , wherein 
said energy conversion elements generate but)bles 
in the liquid by application of thermal energy, and 
each of said liquid flow paths is provided with a 
movable member disposed faced to said energy 
conversion element and having a free end at a 
downstream side with respect to liquid flow toward 
said ejection outlet. 

5. A liquid ejection head according to Claim 1 , wherein 
said energy conversion dements are heat generat- 
ing resistors. 

6. A liquid ejection head according to Claim 1 . wherein 
such an element or electric circuit of all of said ele- 
ments or electric circuits as are electrically con- 
nected to said energy conversion elements on 
individual or group basis, is provided on such one of 
said substrates as Is provided with said energy con- 



version elements, and the other said element or 
electric circuit is provided on the other substrate. 

7. A liquid ejection head according to Claim 6. wherein 
5 such an element or electric drcuit of all of said ele- 
ments or electric circurts as are electrically con- 
nected to said energy conversion elements on 
Individual or group basis, includes drivers for driving 
said energy conversion elements. 

10 

8. A liquid ejection head according to Claim 6, wherein 
such an element or electric circuit of all of said ele- 
ments or electric circuits as are electrically con- 
nected to said energy conversion elements on 

75 individual or group t>asis. includes a shift register for 
receiving Image data serially and outputting it in 
parallel. 

9. A liquid ejection head according to Claim 6, wherein 
20 such an element or electric circuit of alt of said ele- 
ments or electric circurts as are electrically con- 
nected to said energy conversion elements on 
individual or group basis, includes a latching circuit 
for storing data outputted in parallel from said shift 

25 register. 

10. A liquid ejection head according to Claim 5, further 
corrprising, as said elements or electric circuits, a 
driver for driving said heat generating resistors, a 

30 shift register for receiving serially image data and 
for outputting tiie cfota in parallel to said driver, a 
temperature sensor for sensing a tenrtperature adja- 
cent said heat generating resistors, a sensors driv- 
ing circuit for driving said temperature sensor, and a 

35 control circuit for controlling a driving condition of 
said heat generating resistor in accordance with an 
output from said temperature sensor, wherein said 
heat generating resistor, said driver arxJ said shift 
register are provided on said first substrate, and 

40 said sensor driving circuit and said corrtrol circuit 
are provided on said second substrate, arxd said 
terrperature sensor is provided on either one of 
said first substrate and second substrate. 

45 11. A liquid ejection head according to Claim 10, 
wherein the control of the driving condition for said 
heat generating resistors is effected by changing 
electric energy supply duration to said heat gener- 
ating resistors or timing at which an applied pulse is 

50 applied. 

12. A liquid ejection head according to Claim 10, further 
comprising, as said elements or electric circuits, a 
limitation circuit, on said second suk>strate. for limit- 
55 ing or stopping driving of said heat generating resis- 
tor on the basis of an output of said temperature 
sensor, and said temperature sensor is provided at 
least on second substrate. 
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13. A liquid ejection head according to Claim 12. 
wherein a plurality of such temperature sensors are 
provided, arxi are disposed adjacent different heat 
generating resistors. 

14. A liquid ejection head according to Claim 12, 
wherein said sensors are provided on said first sub- 
strate and said second substrate. 

1 5. A liquid ejection head according to Claim 5, wherein 
said first suk>strate is at least provided with said 
heat generating resistors, a driver for driving said 
heat generating resistors, a shift register for receiv- 
ing serially image data and for outputting in parallel 
the data to said driv^. a resistance sensor for 
measuring a resistance value of said heat generat- 
ing resistor elements, and said second substrate is 
at least provided with a sensor driving circuit for 
driving said resistance sensor, and a control drcuit 
for controlling a driving condition for said heat gen- 
erating resistors. 

16. A liquid ejection head accorcfing to Claim 15. 
wherein the control of the driving condition for said 
heat generating resistors is effected by changing 
electric energy supply duration to said heat gener- 
ating resistors or timing at which an applied pulse is 
applied. 

17. A liquid ejection head according to Claim 5. further 
comprising, as said elements or electric circuits, a 
driver for driving said heat generating resistors, a 
shift register for receiving serially image data and 
for outputting in parallel the data to said driver, 
memory for storing head information, and a control 
circuit for controlling a driving condition for said heat 
generating resistors in accordance with head infor- 
mation stored in said memory, and wherein said 
heat generating resistor, said driver and said shift 
register are provided on said first sut>strate. and 
said control circuit is provided on said second sub- 
strate, and said memory is provided on either one 
of said first substrate or seoorxl substrate. 

18. A liquid ejection head according to Claim 17. 
wherein the control of the driving condition for said 
heat generating resistors is effected by changing 
electric energy supply duration to said heat gener- 
ating resistors or timing at which an applied pulse is 
applied. 

19. A liquid ejection head according to Claim 17, 
wherein the head information includes data relating 
to liquid ejection property which is a liquid ejection 
amount when said heat generating resistor ele- 
ments are driven under a predetermined condition. 

20. A liquid ejection head according to Claim 17, 



wherein the head information includes data relating 
to kind of the liquid used. 

21. A liquid ejection head according to Claim 1 7. further 
5 comprising, as said elements or electric drcuits. a 

terrperature sensor for sensing a temperature ac$a- 
cent said heat generating resistor elements, a sen- 
sor driving circuit for driving said tenrperature 
sensor, arxJ said control circuit controls a driving 

10 condition of said heat generating resistors in 
accordance with an output of said terrperature sen- 
sor and said head irrfbrmation. and wherein said 
sensor driving circuit is provided on said second 
substrate, and said temperature sensor is provided 

75 either on said first substrate or second sut>strate. 

22. A liquid ejection head according to Claim 21, 
wherein the head information includes variation 
correcting value for output of said temperature sen- 

20 sor. 

23b A liquid ejection head according to Gaim 21 , further 
comprising, as said elements or electric drcuits, a 
limitation drcuit. on said second substrate, for limit- 
25 ing and stopping driving of said heat generating 
resistor on the basis of an output of said tempera- 
ture sensor, and said temperature sensor is pro- 
vided at least on second substrate. 

30 24. A liquid ejection head according to Claim 1 7. further 
comprising, as said elements or electric drcuits. a 
resistance sensor for sensing a resistance value of 
said heat generating resistor element, a sensor 
driving drcuit for driving said resistance sensor, and 
35 wherein said control drcuit controls a driving condi- 
tion of said heat generating resistors in accordance 
with restetance value data outputted from said 
resistance sensor and said head information, and 
said resistance sensor is provided on said first sub- 
40 strata, and said sensor driving drcuit is provided on 
said second substrate. 

25. A liquid ejection head according to Claim 24. 
wherein the head information indudes resistance 

45 value data outputted form said resistance sensor or 
a cord value classified from the resistance value 
data. 

26. A liquid ejection head according to Claim 1 . wherein 
50 said first substrate is at least provided with said 

energy conversion elements, a driver for driving 
said energy conversion elements, a shift register for 
receiving serially image data and for outputting in 
parallel tiie data to said driver, a temperature sen- 
55 sor for sensing a temperature of said first sut>strate, 
a heater for heating said first substrate, and a driver 
for driving said heater, and wherein said second 
sut}strate is at least provided with a sensor driving 
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circuit for driving said temperature sensor, a heater 
corrtrol circuit for controlling a driving condition of 
said heater at such a teniperature of said first sub- 
strate as to permit stable liquid ejection, on the 
basis of the output of the temperature sensor. 5 

27. A liquid ejection head according to Claim 26, further 
comprising a temperature sensor, on said second 
substrate, for sensing a temperature of said second 
sut)Strate. and a limitation circuit for limiting or stop- 10 
ping driving of said heat generating resistors on the 
basis of an output of the temperature sensors pro- 
vided on said first and second substaBte. 

28. A head cartridge including a liquid ejecting head for 75 
ejecting liquid and liquid container for containing liq- 
uid to be supplied to the liquid ejecting head, 
wherein 

said liquid ejecting head includes a plurality of 20 
ejection outiets for ejecting liquid; 
a first sut>strate and a second substrate for 
constituting, when combined with each ether, a 
plurality of liquid flow paths in fluid comnunica- 
tion witii said ejection outiets, a plurality of 25 
energy conversion elements, disposed in 
respective ones of said liquid flow paths, for 
converting electrical energy to ejection energy 
for ejecting tiie liquid in said liquid flow path, 
arxi a plurality of elements or electric circuits 30 
having different functions for controlling a driv- 
ing condition of said energy conversion ele- 
ments; 

wherein said elements or electric circuits are 
provided ertiner on said first sut>strate and said 35 
second sut>strate, depending on their func- 
tions. 

29. A head cartridge according to Claim 28, wherein 
said liquid ejecting head and said liquid container 40 
are detachably mountable relative to each other. 

30. A liquid ejection recording device including a liquid 
ejecting head for ejecting liquid, a liquid container 

for containing liquid to be supplied to the liquid 45 
ejecting head, comprising: 



converting electrical energy to ejection energy 
for ejecting the liquid in said liquid flow path, 
arxi a plurality of elements or electric circuits 
having different functions for controlling a driv- 
ing condition of said energy conversion ele- 
ments; 

wherein said elements or electric circuits are 
provided either on said first sitetrate and said 
secorvJ substrate, depending on their func- 
tions. 

31. A liquid ejection head having at least one energy 
generating element for causing ejection of liquid 
from a corresponding ejection outlet and con^e- 
sponding control means for controlling operation of 
the at least one energy generating element with ttie 
control means and the at least one energy generat- 
ing element being provided on ertiier one or botii or 
being distributed between two substrates defining a 
liquid flow patii to tiie at least one ejection outiel 
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driving signal supply means for supplying a 
driving signal for ejecting the liquid from said 
liquid ejecting head; so 
wherein said liquid ejecting head includes a 
plurality of ejection outiets for ejecting liquid; 
a first substrate and a second sut)strate for 
constituting, when combined with each other, a 
plurality of liquid flow paths in fluid comnunica- 55 
tion witii said ejection outiets, a plurality of 
energy conversion elements, disposed in 
respective ones of said liquid flow paths, for 
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